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An attempt to detect mass movement associated with
large volcanic eruptions (VEI 4 or higher)
using satellite gravity data

Yuta Mrrsur' and SHUN KONAGAT

Abstract GRACE (Gravity Recovery and Climate Experiment) mission had clarified global time-
variable gravity fields since 2002. The time-variable gravity fields represent spatiotemporal mass
redistribution on the Earth. Using GRACE level-3 data provided by CNES/GRGS, we attempt to
detect signals of mass movement related to volcanic eruptions. We focus on the gravity data for 13

volcanoes where large (VEI 4 or higher) eruptions occurred, and perform a regression analysis with

linear, annual, and semiannual components. We find that only Icelandic volcanoes have notable
signals of positive changes in the linear trends of gravity (Eyjafjallajékull and Grimsv6tn) and negative
offset (Eyjafjallajokull) associated with the eruptions. These signals can be attributed to responses of

surrounding glacial system to the eruptions rather than mass movement by the eruption themselves.

In addition, small but significant signals have also been detected in other volcanoes, but their

interpretation is still difficult.

Key words: Volcano, glacier, gravity, GRACE, mass movement, Iceland.

IECoHIc

#E TN I v ¥ 3 ¥ Gravity Recovery and Climate
Experiment (GRACE) 1%, EFRILFEMFE L L CEMS
, 200242 649 154E[Iz o7z o TLMER O HE S Dk
22t &5csk L7:. GRACE TlX, BEH500km & s
200 1ZIZFA— O EM O HEEZL & < A4 7 v il THE
Wl Tz, HEMOEBIZETOENOKRS SITR
CCZET 570, ZoHE {beElFs LT, %
DFERE LB NRT V¥ v VELEHEETE S, 2D
7 — Z AR OB IR OB D 0, B4 e
BB (L) TOF—2AET->Tws (5

£, 2013).

GRACE F— &2 Ok = iz, SR coEH D
M2 L%, BRI L 2L iIth 3. gk
B CRATRELZ L TH D, EHIZHESID LELD
ODENTH 225, BHOENSITESHDOE(L, ©
FOHIRY AT A LOBEERBEI*RTLEEFZTRY., Z
D71:%, GRACE F— & H 5 1%, HIERIEME(CIZ X 2 &8
250 & B U 7o WK HER T (Willis et al, 2008) R2IKJE -
K Ef#E (Chen et al, 2006; Matsuo & Heki, 2010), [
KDZEHZH) (Tapley et al., 2004), & 5IZIFEAMED
MBS - MBI ZE) (Han e al, 2006; H - Hif,
2017) &, HIERY 27 A FLOBEHEEICERT 2%

202043 H 25 HAA¥. 20204F5 3 19 HAz8,

Received: 25 March 2020 Accepted: 19 May 2020

R A R R AR, T 422-8529 R TR X K45 836
PI0 - BRSBTS R

Faculty of Science, Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka, 422-8529 Japan

“Formerly at Graduate School of Science and Technology, Shizuoka University

E-mail: mit@shizuoka.ac.jp (Y. M.)



52 ZIEER - NI BR

ROPITE T HAIMEL N TE T2,

AIFFRTIE, MRV R 7 4 L OWAREERI 23] &
2T RBEE T KITEENCEE 5. KILTEENIZ, #TF
MED LR Z0HDTHB7:9, EHECOWE & MM
BEL, I EHHRET) v 7 BEALIfTTbAT ST
(). J@, 2019). —H T, 3L A EDKITERIZDATHY
THRTH 57 », ZEMFEGE 53100km Bl _E D GRACE
F—EZ L LERBEOY 7 F VTR T 203 —%IzH
MeEzond, FEHELOMBED, I TITHESE
BE W, F 2 TRMIE TR, KEFoh Ty kT
BHRPE (WELR - REBD %5, KUK VEL
(Newhall & Self, 1982) 734 PL_| 0 K HENE K D 2126
HERD, GRACEF— 205 DHEEBEIY 7 F ViR
ZikAH D,

FiE

GRACEF— & L LT, 77 v XD French
National Space Center / Research Group for Space
Geodesy (CNES/GRGS) 2B 3 2 VR V3T — &
(RLO5) ZHW2. [A7F—Xxi%, GRACEZ W T%x <
Satellite Laser Ranging (SLR) @5 — X b ila&b¥ 2
2T, BKEFAMBIBO0R F TOE DGR AEHIE L T
W, ZOREBAEBOELEDLEIZL ST, 1528
T, fE-RELIESTO0Z) vy FTLOHENEE,
R TOKDOJGE OKFEME) rOZLE L TERLTWY

0 60" 120°

5. ZOEOEKRE, ELIIRO LI ITEZLND ¢
JEE hOEREAR 2 5 DT A 51 F& AR O 175 CHlE
3254, HiRii2nGoh (GIXTEBIIER, plZFK
ERER T 2 WEOEE) VT, % 1000[kg/m*] D
KDJEE hem] 1ZH LT F=0.419%[ugal] L HE TS 2
(#&H, 2010).

KB KL K IZDoWTIE, 7 X Y & @ Smithsonian
Institution @ Global Volcanism Program (GVP) @ 7 — %
25, KIMEKIEBVEI B4 EobDERINLT, 2
W, BHEYOEEH0.1[km®] % EE 2 2 L ITHY 4 5.
W%, GRACE 7— £ O & K % FRw 7o 01T
3255, 2004405 20144EDfH & LTz, Fig. 11z, #
W13 XKD Hf %R, F7z, Table 11z, %
NoOKIOALE - BKBIIRKHY - AR TR F &
&7z, VEI5iZ—f§] (Puyehue -Cordon Caulle) & 4 T,
WD OWEKIZ T X T VEL 4 DB 5 72,

BRI BEBE Y 7 F Ve 1:9, £XKILD
JEREC O KBALATHT « XK TR ZNZNDRRI T —
LR LT, $ERS - ARG - AR T N
FECHEET 2RI ET o7, 20T, (1) MK
Hitk COED ORELTE FIERT) 0%, (2) ¥
KUTRDOENA 72y MEHT 5, HOA 72y M,
KA O PRSI B T 5, BKRTT — X O
DIER L WKR T — X OMIER Y DIER & DZE L UTE
FZLT:

B2 DFATIZBIL T, =7 —N—0DHELITo72. #F

180°

-120° -60° 0

A VE| 4
AVEIS

-60°

= o

(a) Nabro (b) Merapi (c¢) Kelut (d) Manam (e) Rabaul

(f) Sarychev Peak (g) Tolbachik (h) Kasatochi (i) Okmok
(j) Chaiten (k) Puyehue - Cordon Caulle (I) Eyjafjallajokull
(

m) Grimsvotn
E1
Fig. 1

2004 4F22 & 2014 DRI VEI 4 DL _E ) KHUBSE K 3554 L 72 13 D KIL D437
Spatial distribution of 13 volcanoes with large eruptions (= VEI 4) during 2004-2014.
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Table 1 Lists and coordinates of volcanoes with large eruptions (> VEI 4) during 2004-2014, and their eruption start/end times.

WK B AR WEKAE T
Kl L[] MEEELC]

[E/A] [E/A]

(d) Manam 145.037 -4.08 2004/10 2009/12
(e) Rabaul 152.203 -4.271 2006/8 2010/1
(j) Chaiten -72.646 -42.833 2008/5 2011/5
(i) Okmok -168.13 53.43 2008/7 2008/8
(h) Kasatochi -175.508  52.177 2008/8 2008/8
(f) Sarychev Peak 153.2 48.092 2009/6 2009/7
(1) Eyjafjallajokull  -19.633 63.633 2010/3 2010/6
(b) Merapi 110.442 -7.542 2010/10 2012/7
(m) Grimsvotn -17.316 64.416 2011/5 2011/5

(k) Puyehue -
-72.117 -40.59 2011/6 2012/4
Cordon Caulle

(a) Nabro 41.7 13.37 2011/6 2012/6
(g) Tolbachik 160.326  55.832  2012/11  2013/9
(c) Kelut 112.308  -7.93 2014/2 2014/2
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FAPEHRE = T — =L LTz,

HBRLEEm

Fig. 212, GRACE F— & 2SS EHEN L 7 DEIF
ONTHRER DM %71 3. (a) Nabro% (k) Puyehue - Cordon
Caulle & kb-x, (1) Eyjafjallajokull ® (m) Grimsvétn T,
B ORFLEE BIEHRD) BHEARICKE SEL
TWBZLobhrs, S6iz, () Eyjafallajokull T,
BXIZE2HQOENA 72y FHWBICRENZ, 20
fitd KILTOFERIZOWTIE, AppendixiZF & 5,

Eyjafjallajokull & Grimsvétn 133127 4 2 F ~ R KL
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2o THHBHE SN TEY (von Hippel & Harig, 2019),
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Fig. 3 & Fig. 4TI, MAXHIRIZBT 2 EHD ORFELE)
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X, 7AAT VY RO2KILIENS L, BHERY 7 F NV
BRLNL otz KRz, BAHEL LTidikKo (k)
Puyehue - Cordon Caulle (VEI5) D& dBEE Ly
TFNHENT L, KIUEKZE DD OIS EREBE)
(& L5 - HD % GRACE ¥ — & 2> L § 2 0 »33,
WHEEZ 2 L 2RBT 5. ZoFEKE LTI, GRACE
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72RL, TARATZ Y RO2KIUDEKIZMHED D DO
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Fig. 2 Examples of the time-series data of the gravity change and the results of the regression analysis. For each figure, the gray dots represent

the GRACE data, the black line is the regression curve, and the brown dotted line is its linear component. The red vertical lines indicate

the start and end times of volcanic eruptions.
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Appendix The time-series data of the gravity change and the results of the regression analysis, for the other volcanoes
than those in Fig. 2. For each figure, the gray dots represent the GRACE data, the black line is the regression curve, and
the brown dotted line is its linear component. The red vertical lines indicate the start and end times of volcanic eruptions.
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